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ABSTRACT 
During the past decade, the use of plasticulture production systems has become an 
increasingly common practice for vegetable production in the United States. The 
plasticulture system is the use of plastic mulch to serve as a row cover in the field. The 
semi-permeable material can be made of various densities of polyethylene, and serves as a 
barrier that helps maintain soil moisture and reduce weed growth. Increased use of these 
plastics has created a waste management problem, as producers have difficulties trying to 
find the best and cheapest disposal method. A few companies had begun collecting the 
materials for reprocessing and later reuse, but have shown reluctance due to the quantity of 
soil residues and possible chemical contamination. 
The main goal of this research was to determine if chemical residues from earlier 
pesticide applications remain on the plastic at the end of the growing season. A laboratory 
method was developed so that pieces of plastic could be measured for possible pesticide 
residue presence. Five commonly used pesticides in Tennessee were chosen as subject 
chemicals. The products used for research were: Sencor (metribuzin), Bravo 
(chlorothalonil), Quadris (azoxystrobin), Asana (esfenvalerate), and Thiodan (endosulfan). 
Laboratory methodologies using a new extraction technique and High Performance Liquid 
Chromatography (HPLC) to perform analytical measurements were developed and tested 
to allow all five chemicals to be measured in one procedure. The methods proved to work 
well, with extraction efficiencies greater than 89% and detection limits in the range of 10-
112 ppb. 
V 
A field study was then conducted to measure the persistence of these pesticide 
residues on the plastic at the end of the growing season. A tomato production field typical 
of those found in Eastern Tennessee was prepared at The University of Tennessee 
Knoxville Experiment Station near Knoxville, Tennessee. The subject chemicals were 
applied according to rates reco�ended by The University of Tennessee Agricultural 
Extension Service. One square foot samples of plastic were collected after the final tomato 
harvest and were analyzed using the developed method. Results of the field experiment 
showed that the average amount of each chemical on each sample was less than 0.01 
mg/per square foot of plastic except for �-endosulfan, which was approximately 0.2 mg/per 
square foot of plastic. When compared to the theoretical amount applied per square foot of 
plastic, all of the remaining amounts were less than 1.0%, except for esfenvalerate which 
was as much as 5.0%. 
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CHAPTERI. BACKGROUND 
Justification for Research 
The University of Tennessee Vegetable Initiative Team is working to develop 
new practices and technologies that will help producers of fruits and vegetables. Their 
main goal is to assist current and potential fruit and vegetable growers with the 
application of these new practices and cultivars (The University of Tennessee Vegetable 
Initiative, 2003). New methods are being developed to help keep producer's operations 
profitable by maintaining efficient practices. Plasticulture (growing crops with plastic 
mulches) is becoming a standard for the production of many fruits and vegetables, 
especially tomatoes (Garthe and Kowal, 2000a). Plastic mulch provides weed control, 
helps maintain soil moisture, and improves overall crop performance. In Tennessee, 
approximately 4,000 acres of fresh market vegetables are grown on plastic annually, 
which equates to almost 5,176 miles of plastic used for production (A. Straw, personal 
communication, 12 April 2004 ). The use of plastics for this purpose is also increasing 
worldwide (Nerin et al., 1998). 
With more producers using agricultural plastics, a large waste management 
problem has arisen. In order to address this issue, researchers are creating new methods 
to minimize the amount of plastics becoming waste on a yearly basis ( Garthe and Kowal, 
2000b ). From an environmental standpoint, reusing the same plastic, or "double 
cropping," for other crops in the field is the best option. This practice allows less plastic 
to be disposed of in the long run, because it is being utilized multiple times. 
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Upon removal from the field, plastic materials are either burned, buried, or 
recyclt:d_(Garthe and Kowal, 2000b). It is illegal to burn plastics in most states, including 
Tennessee. Since available space at landfills is decreasing rapidly, some facilities charge 
a fee to dispose of plastics in this manner (Garthe and Kowell, 2000b). Thus, recycling 
plastics is often the best option. The recycling process entails chopping the material and 
washing it thoroughly. It is then separated, melted, filtered, extruded and pelletized to be 
processed for another use such as plastic lumber. However, recycling companies have 
started rejecting plastics mulches due to the presence of soil residues and what they 
perceive as high levels of chemical contamination. Part of the concern is that the 
contamination cannot be removed by the recycling process (Garthe and Kowell, 2000a). 
The relationship between pesticides and plastic mulches has been investigated, 
but only in controlled laboratory settings (Nerin et al., 1996). Preliminary research has 
indicated that some pesticides remain attached to the plastic matrix (Nerin et al., 1999). 
The largest concern regarding pesticides in the environment is that they are considered to 
be accumulative and toxic in nature, whether in human tissue, soil, or groundwater 
sources (Ballschmitter, 1996). 
It is important to explore how these pesticides behave in conjunction with the 
plastic mulches when they are applied in the field and exposed to natural environmental 
conditions. The scope of this research was to address this very issue by investigating 
previously published work, and beginning the search of understanding how commonly 
used crop protectants in Tennessee persist when applied to an actual tomato production 
field. 
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CHAPTER II. REVIEW OF LITERATURE 
Plastic-Pesticide Relationships 
Preliminary work regarding pesticide residues and plastic mulches has been 
primarily limited to laboratory studies. One early study investigated absorption rates 
between pesticides and various types of plastic mulches (Nerin et al., 1996). This study 
inoculated several types of plastics used as soil covers (high-density polyethylene (HDPE) 
and low-density polyethylene (LOPE)) with specific chemicals used for crop protection. 
The plastic samples were immersed in aqueous solutions with pesticide concentrations of 1 
mg/L and exposure times from 3 to 20 days. The authors found that exposure time and 
absorption into the plastic matrix was directly related. In other words, longer exposure 
times led to a higher percentage of the material being absorbed by the plastic. In order to 
make this determination, laboratory methods had to be designed so that these residues 
could be extracted in order to be measured. 
Nerin et al. (1996) also found that reaction rates between pesticides and plastic 
mulches are relatively slow. It takes time for these compounds to absorb into the plastic, 
even when completely saturated in a concentrated solution. In addition, they found that 
temperature was a major factor affecting absorption between chemicals and plastic 
surfaces, with increasing temperatures increasing chemical adhesion to the plastic. Again, 
these experiments were conducted in aqueous solutions where environmental conditions 
such as air temperature, solar radiation, wind, and rain did not affect the results. 
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Residue Extraction and Analysis from Plastics 
In addition to the previous study, the same research team developed methods to 
extract pesticide residues from various types of plastics (Nerin et al., 1998). Published 
extraction methods ranged from chemical extraction using toluene to physical extraction 
using an ultrasonic bath. 
Various types of analytical instruments have been used to measure concentrations 
of pesticide compounds for given plastic samples. This was based on the assumption that 
all residues attached to the plastic were removed and placed into solution for measurement. 
For this absorbance study, gas chromatography was used to make detections as low as 0.1 
ng/g (nanograms of chemical per gram of plastic) (Nerin et al., 1996). This method 
required that the temperature of the separation column be varied over time. Nerin et al. 
(1996) concluded that pesticides could be extracted and measured analytically under 
controlled laboratory settings. 
In another experiment, Nerin et al. (1999) investigated the use of Supercritical Fluid 
Extraction (SFE) to investigate the persistence of pesticides on agricultural plastics passing 
through a standard recycling process. In meeting their special needs, SFE provided an 
efficient method for extracting compounds without the use of halogenated solvents. When 
a gas like carbon dioxide is heated, it becomes a supercritical fluid, combining the solvent 
properties of a fluid with the diffusion properties of a gas. The authors concluded that SFE 
worked very well in the extracting of pesticides from plastic materials (Nerin et al., 1997), 
but also that this technique is expensive and the devices are difficult to maintain. 
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Nerin et al. (1997) compared three different extraction techniques using the same 
type of plastic and pesticides. The three different extraction techniques were SFE 
(previously discussed), sonication, and total dissolution. 
For the sonication process, inoculated plastic samples were dissolved in boiling 
toluene, melting the plastic material. The remaining material was then placed for 30 
minutes in an ultrasonic bath containing n-hexane, volatilizing the remaining impurities 
from the plastic material. The sample was then evaporated and filtered to 0.2 µm, before it 
was measured with the gas chromatograph (Nerin et al., 1997). 
The total dissolution procedure was much simpler because it did not require 
advanced extraction equipment. The sample was dissolved in boiling toluene, re­
precipitated with methanol, and then filtered using a cartridge containing silanized glass 
wool. The chemical mass remaining in the cartridge was put back into solution using n­
hexane. The concentrated solution was evaporated using a nitrogen gas stream, and again 
was filtered to 0 .2 µm prior to its injection into the gas chromatograph (Nerin et al., 1997). 
When comparing the results from these experiments, Nerin et al. (1997) found that 
the extraction efficiencies results from one procedure were not better than the others. For 
example, reported extraction percentages for all three methods ranged from 80 to 100%, 
with standard deviations ranging from 4.3 to 7.2%. Nerin et al. (1999) stated that any 
extraction percentage greater than 80% was acceptable. The results proved that advanced 
extraction equipment was not necessary when measuring pesticides from plastic mulches. 




The main objective of this research was to determine and quantify pesticide 
residues remaining on plastic mulches in the field after the fmal harvest. The remainder of 
this thesis will present the experiments that were conducted in order to meet this objective. 
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CHAPTER III. MATERIALS AND METHODS 
Overview 
In order to meet the research objective, a laboratory protocol was first developed in 
order to make accurate chemical measurements from plastic samples. Plastic samples were 
then collected from an experimental plot representing a typical tomato field in Eastern 
Tennessee. The method development and reliability checks are presented in this chapter, as 
are the procedures from the field study. 
Laboratory Experiments 
A vital portion of the research project consisted of designing a laboratory protocol 
that could effectively measure small amounts of specific pesticide residues that remained 
attached to plastic mulch after a complete growing season. Emphasis was placed on 
developing a method that could make such measurements in a relatively quick and 
. . mexpens1ve manner. 
During the initial project design, laboratory research was divided into two parts: 
the analytical method and the extraction method. Final analytical and extraction 
procedures are described in detail below. In addition, several tests were conducted in order 
to determine the reliability of the overall procedure. Detection limits, extraction 




Five pesticides commonly used for vegetable production in conjunction with 
plasticulture in Tennessee were selected (Table 1 ). Appendix A contains product 
information regarding the subject chemicals. Table 1 shows each trade name, common 
name, type of pesticide, manufacturer, and EPA registration number. Future mention of 
specific chemicals will be according to the chemical name and not trade name. 
Analytical Method 
Equipment 
An analytical device that could scan all five of the chosen chemicals simultaneously 
was desired. Possible devices included the Gas Chromatograph (GC), Ion Chromatograph 
(IC), and High Performance Liquid Chromatograph (HPLC). HPLC was chosen because 
of its ability to distinguish different components and their individual properties. For 
example, specific columns can be put in place to measure specific types of chemicals 
(inorganic compounds, phenols, etc.) . Wavelength settings of the detector can also be 
altered to increase performance and/or sensitivity, and the quantary pump enables precise 
control of mobile phase flow rates. The downside to HPLC is that residues had to be in 
liquid form to be measured. This meant that extraction of pesticide residues from plastic 
had to be conducted using liquid extraction techniques. 
A Hewlett-Packard Series 1 100 High Performance Liquid Chromatograph with 
auto-sampler was used to measure chemical masses upon extraction from the plastic. 
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Table 1 .  Listing of subject chemicals. 
Common Trade Type of 
Name Name18 1 Pesticide 
metribuzin Sencor Herbicide 
chlorothalonil Bravo Fungicide 
azoxystrobin Quadris Fungicide 
endosulfan Thiodan Insecticide 
esfenvalerate Asana XL Insecticide 











50535-1 8 8-100 
101 82-41 5 
51036-92 
352-51 5 
Please note that use of trade or brand names in this document is for clarity and 
information only; The University of Tennessee does not imply approval of the product to 
the exclusion of other which may be similar, suitable composition, nor does it guarantee or 
warrant the standar4 use of the product. 
Laboratory Materials 
Analytical standards of the subject pesticides and actual chemical products were 
purchased for laboratory and field experiments from Fluka and Riedel-de Haen, (Buchs, 
Switzerland) in solid form. These standards were certified to be 99.9% pure, and were 
used during initial testing and calibration curve development. Consumer-grade pesticides 
were purchased in bulk from a local supplier. The consumer-grade products were tested in 
the laboratory to ensure that inclusion of inactive ingredients did not affect the results when 
compared to analytical standards. 
Rolls of 1 -mil Low-Density Polyethylene (LOPE) plastic mulch were provided by 
the Knoxville Experiment Station. The black embossed plastic (Product No. 222950-001 ) 
was purchased from the Pliant Corporation (Schaumberg, Illinois). 
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Analytical Procedure Development 
A complete discussion of previous research that was studied to aid in the analytical 
procedure development is found in Appendix B. Reupert et al. (2000) provided the most 
pertinent information regarding equipment, materials, and characteristics of chemicals. 
Their final recommendations on the specific separation column, mobile phase(s), flow rate, 
and wavelength setting of the UV detector were used as a starting point for method 
development. A Supelcosil™ LC-18 separation column and Supelguard LC-18 guard 
column were purchased from the Sigma-Aldrich Company (St. Louis, Missouri). Each 
analytical column is tested and certified by the company. Technical specifications and 
testing data for the column can be found in Appendix C. 
Standard stock solutions for each pesticide were mixed by weighing 25 mg of each 
solid-phase standard and mixing thoroughly in 100 mL of HPLC grade water. HPLC grade 
acetonitrile and water were purchased from Phannco (Brookfield, Conneticut). This 
yielded concentrations of 250 milligrams per liter (mg/L) or parts per million (ppm). Stock 
solutions were refrigerated when not in use. 
The HPLC was configured according to procedures described by Reupert et al., 
(2000) except for eluent percentages and timing. The ratio of acetonitrile and water was set 
to 1: 1 with no gradient. The amo�t of acetonitrile was adjusted to this level to allow 
metribuzin to peak within 20 minutes, so that initial testing times could be reduced. The 
flow rate and UV detector were set to 0.8 mL/min and 230 run, respectively. After initially 
warming up the machine, a vial containing the 250 ppm solution of metribuzin was injected 
at a volume of 20 microliters (µL). Metribuzin came out at approximately 15 minutes, 
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which was different from the retention time presented in the Reupert paper, but in this case 
a higher ratio of acetonitrile/water was being used in the mobile phase. 
Vials containing the 250 ppm solution of each compound were tested individually, 
and some of them did not create a chromatogram. At this point, the UV detector setting 
was lowered and standards were measured until all five appeared. This occurred at 220 
nm. Each compound was then added subsequently until all five were visible on the same 
chromatogram. As each chemical was added, subsequent peaks were close together, with 
some overlapping. In order to separate the peaks, a gradient had to be introduced. After 
testing some different gradients (timing and ratios), the final gradient was programmed into 
the HPLC software according to Table 2. 
After preliminary testing, it was discovered that endosulfan actually had two peaks. 
Review of the product labels revealed that a-endosulfan and �-endosulfan are present 
together. However, further research indicated that �-endosulfan is more persistent in the 
environment than a-endosulfan, and therefore shows up more often in water samples 
collected from areas where application had occurred. Published studies have targeted �­
endosulfan rather than a-endosulfan because of its persistence and toxicity (Zambrano and 
Stoner, 1998). 
Table 2. Gradient timing and concentrations of eluents 
Time (minutes) %, Acetonitrile % Water 
55 45 
13 80 20 
18 80 20 
23 55 45 
25 55 45 
1 1  
Calibration 
Once the operational parameters of the HPLC were determined such that all of the 
compounds would be shown on a single chromatograph, calibration curves were developed 
so milliabsorbance units (mAU) could be converted to concentrations. Each compound 
was calibrated using three different concentrations representing the amounts that would 
likely be present on the plastic after a normal spray schedule. Calibration equations were 
generated and stored in the HPLC software so that the mAU, determined by integrating the 
area underneath the peak, could be converted to a concentration. Concentration values for 
each compound were thus available for each sample measured by the HPLC. Calibration 
equations and correlation coefficients for each chemical are shown in Figures 1-6. The r2 
values for all calibrations were greater than 0.99, indicating that over 99% of the change in 
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Figure 6. Calibration table for esfenvalerate. 
Chemicals Used in the Field 
1 200 1400 
Conswner-grade pesticides to be used in the field were checked to ensure that 
HPLC retention times were similar to those from standard solutions. Chemicals at known 
concentrations of active ingredient were mixed thoroughly using a magnetic stirrer. Using 
these stock solutions, vials were filled with each compound individually, and another vial 
contained a mixture of all five. The chromatogram for the sample that contained all five 
compounds is shown m Figure 7. Retention times were similar to those for the standards, 
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Flow Rate of Mobile Phase 
Eluent Gradient Information 
Final HPLC Procedure 
Setting 
None 
LC-18 Silica (25 cm x 4.6 mm ID) 
220 nm 
Acetonitrile & HPLC Grade Water 
30 µL 
1.4 mIJmin 
See Table 2 
Final settings for configuring the HPLC for measurement are presented in Table 3. 
Extraction Procedure 
Bound pesticide residues had to be removed from the plastic in order to make 
measurements with the HPLC, so an extraction process was developed. The following 
provides an overview of this development. 
Development 
First considered were the extraction methods published by Nerin et al. (1996, 1997, 
and 1999) in their various studies, but these used an ultrasonic bath and additional solvents. 
It was decided to try to develop a procedure that did not require these additional steps and 
equipment. 
Because acetonitrile was being used as a mobile phase in the HPLC measurement 
process, the first thought was to use it as the main extractant. A sample of plastic (1 sq. ft) 
was placed in a glass beaker with a 100% acetonitrile solution for three days. Upon 
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removal, the plastic sample showed no serious degradation or "melting," but some 
discoloration of the plastic had occurred. It was important to not cause breakdown of 
plastic during the extraction process because the oils and/or plasticizers used in the plastic 
could be introduced into the carrier phase of the HPLC, possibly causing serious damage to 
the quantary pump and/or the separation column. Various concentrations of acetonitrile in 
HPLC grade water were then tested for impact on the plastic. The plastic material showed 
little or no damage for 25%, 50%, and 75% acetonitrile. 
Different extraction procedures were examined by inoculating plastic pieces with 
known masses of pesticide (method described in a later section) to determine the optimum 
extraction procedure. After drying, the plastic samples were held with laboratory tongs and 
sprayed with a 75% acetonitrile solution. All of the liquid that drained off the plastic was 
captured in a container. It was determined that this technique was not acceptable because 
of loss of sample and inability to repeat the process the same way for every sample. 
A modification of the above process included placing samples in an I-Chem® Septa 
wide mouth glass sample jar (designed for pesticide analyses) with 100 mL of 75% 
acetonitrile solution. These jars were placed on a laboratory orbital shaker for one hour at 
approximately 240 revolutions per minute (rpm). Samples of the liquid were then collected 
in triplicate using filtered (0.2 µm) 1-mL syringes. Vials for each sample were filled and 
analyzed according to the HPLC procedure previously described. Less than 50% of each 
applied compound was measured after this extraction process. 
The next round of tests consisted of the same inoculation procedure, but jars were 
allowed to mix on the orbital shaker for eight hours at 240 rpm. After every two hours, the 
jars were opened and clean laboratory forceps were used to turn the plastic several times, 
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allowing more uniform exposure of the plastic surface area to the 75% acetonitrile solution. 
Again, samples were collected in triplicate and analyzed using the HPLC. Extraction 
percentages were greater than 89%, with five of the six above 92 %. The lack of complete 
extraction could be due to the pesticide being tightly bound to the plastic matrix to a degree 
where it could not be removed. However, the more likely cause may be the variability of 
the mixture within th.e sample bottle. In other words, no matter how much the plastic and 
extractant are mixed, the mixture of pesticide molecules and the chemical extractant will 
never be completely homogeneous. 
The final extraction procedure is described below. Additional tests regarding 
method reliability are presented in the Additional Experiments and Results and Discussion 
sections. 
When the extraction and measurement procedures were finalized, preliminary 
testing was conducted using samples collected from the field. A research plot was prepared 
during March, 2 003. See the Field Study section for plot arrangement and preparation. 
Extra rows were set up so that preliminary tests could be conducted using plastic samples 
collected from the field. This allowed samples to be analyzed with additional factors that 
could possible affect results, such as soil particles, organic matter, and sunlight. These 
factors are similar to what will be experienced during field conditions. 
All five chemicals were mixed and applied on two rows of plastic at twice the 
recommended rate (Figure 8). The theory behind such high amounts of chemical was to 
ensure that chemical residues would be available for extraction. Pesticides were applied 
and allowed to dry overnight. The next day, five one square foot samples from each row 
(10 total samples) were collected and transported back to the laboratory for analysis. Each 
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Figure 8. Application of chemicals using backpack sprayer 
sample was measured in triplicate as described above. Results showed that each sample 
was within 15% of the theoretical amount applied to that area. At this point, the entire 
measurement protocol was set and ready for reliability testing (please see Additional 
Experiments). 
Procedure Description 
Methodologies used to extract the subject chemical residues from laboratory and 
field samples are described below. It is important to note that this method only applies to 
these particular chemicals, and further testing would be needed to indicate if simultaneous 
extraction and measurement of other pesticides would be possible. 
First, sample jars were cleaned with a 0.1 molar solution of hydrochloric acid. 
Plastic samples were placed in the jars, 100 mL of 75% acetonitrile/25% HPLC grade 
20 
water was added, lids were tightened, and the jars were placed on the otbital shaker table at 
240 rpm for two hours. Shaking was then paused and clean forceps were used to turn the 
plastic samples, ensuring full exposure of the plastic surface area. Forceps were rinsed 
with a 75% acetonitrile solution between turnings. This process was repeated three more 
times, or every two hours during the eight hour period. After eight hours of mixing, the 
sample jars were removed, and HPLC vials were filled with the solution using filtered (0.2 
µm) 1 -mL syringes (Figure 9). If a sample was measured multiple times, the same syringe 
was used for that sample, but a new syringe was used for each plastic sample. Vials were 
labeled and placed on the HPLC auto sampler tray for analysis, with vial numbers recorded 
in a table in the computer program. This enabled the computer to print results for each 
measurement. The data for each .sample was written to an individual file and saved on the 
hard drive of the computer. Each file was opened and printed so that results could be 
tabulated in a separate spreadsheet. 
Additional Experiments 
Additional experiments were conducted in the laboratory to check the reliability of 
the entire measurement protocol. Procedures regarding these experiments are presented 
below, along with corresponding results and discussion. 
Detection Limits 
Detection limits for this research were determined two ways. The first method used 
calculations to determine levels at which measurements could no longer be made. The 
second method consisted of preparing solutions at a decreasing concentrations and 
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Figure 9.  Filling vials after extraction procedure. 
analyzing them to find the point at which chemical masses could no longer be determined. 
Both of these methodologies are described below. 
Calculation Method 
Detection limits were determined mathematically by using the standard absorbance 
units at which the computer no longer integrates resulting peaks on the chromatogram. In 
other words, there is a setting in the HPLC integrator that rejects the calculation of 
concentration when absorbance units are below a certain amount. For this research, the 
area rejection was set to 1 .2 461 mAU. This number is part of each calibration equation 
used to determine the detection limit for each subject compound. Since calibration 
relationships were linear, lower values could be used to calculate detection limits. 
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Detection limits for each compound are shown in Table 4, and the complete data set is 
presented in Appendix D. 
Measurement Method 
The detection limit for each compound was also determined analytically using 
multiple solutions at decreasing concentrations. A series of 250 ppm solutions were diluted 
to yield the following concentrations: 25 ppm, 2.5 ppm, 0.25 ppm, 0.025 ppm, 2.5 ppb, 
and 0.25 ppb. Results showed that all six compounds can be measured at 25 ppb, but not at 
2.5 ppb. This corresponds with the results from the mathematical procedure. 
Discussion 
Detection limits are the lowest concentration for each chemical that can be 
measured from collected samples. In other words, a sample showing no results for a 
particular chemical could be at a concentration lower than that detected by the procedure. 
If a peak is detected at the specified retention time for that compound but cannot be 
integrated due to its small size, it was reported as "below detection limit." This means that 
Table 4. Detection limit of each subject compound. 
Area Rejection 
Calibration Detection 
Compound Factor Limit 
(mAU) 
(slope) (ppb) 
metribuzin 1.2461 0.0210 26.2 
chlorothalonil 1.2461 0.0087 10.8 
azoxystrobin 1.2461 0.0089 11. 1  
IJ-endosulfan 1.2461 0.0469 1 12.5 
a-endosulfan 1.2461 0.0903 58.4 
esfenvalerate 1.2461 0.0128 16.0 
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some chemical mass could be present, but it is at a level that cannot be measured. If the 
chromatogram reveals no peak at all, then results would still be "below detection limits" 
since it cannot be said that there was no chemical present in the sample. 
Depending on the chemical in question, determined detection limits show that for a 
given sample of plastic (one sq. ft), there can be as little as 1-12 micrograms of chemical 
mass present. Since the calibration equations are linear, chemical masses can be measured 
from as low as 12 micrograms to any realistic amount that could be present on a plastic 
sample. Detection limits for this study are relatively low. However, indicating that there is 
chemical mass present when the peak is below detection limit is incorrect. 
Extraction Efficiency 
If it is known how well chemical masses can be extracted and measured from a 
plastic sample ( on average), then a better understanding of the presence of chemical mass 
can be reported. This section describes how extraction efficiencies for each subject 
chemical were determined. Initial inoculation procedures as well as extraction and 
measurement techniques are described below. 
Inoculation 
Seven plastic pieces (1 sq ft) were cut and placed under a chemical hood. The 250 
ppm solutions were diluted to 5.7 ppm for Metribuzin and 2.5 ppm for the other chemicals. 
Syringes were used to apply solutions by dropping equal volumes on each piece of plastic 
(Figure 10). Plastic samples were allowed to dry in the chemical hood over an entire 
weekend. 
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Figure 10 .  Example of inoculated plastic sample. 
Analysis 
All seven samples were then analyzed according to the extraction and measurement 
procedure previously presented. Each sample was measured five times, with the results 
averaged to determine extraction efficiency. Table 5 shows the extraction efficiency for 
each of the subject compounds. The complete data set can be found in Appendix D. The 
purpose of this exercise was to determine how well the extraction procedure removed 
individual pesticides from a plastic sample. 
Discussion 
The results show that each of the subject chemicals can be measured and reported 
with little error. In other words, if chemical residue was present on a plastic sample, 
relatively high percentages of that residue can be extracted and measured. Extraction 
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efficiency results were higher than anticipated. The lowest efficiency was found with 
metribuzin. Although this experiment was conducted under controlled laboratory 
conditions, the results provide insight with regard to potential errors for extraction and 
measurement. Low standard deviations show that variability among samples and 
measurements was relatively low. Knowing how well each pesticide was extracted proves 
that the method works well for this application. 
Absorption Study 
Another experiment was conducted to determine whether subject chemicals had a 
tendency to absorb into the plastic matrix over extended periods. If this situation does 
occur, does the extraction procedure have the ability to remove tightly bound residues so 
they can be measured? 
In order to determine if these pesticides would absorb into the plastic to such a 
degree, an absorption study was conducted. Twelve plastic samples were inoculated in the 
laboratory in the same manner as the extraction efficiency experiments. Once the samples 
were dry, they were placed in sealed sample jars without extractant and were covered with 
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a material that would not allow light penetration. The jars were placed in a refrigerator that 
was kept at 40 degrees Fahrenheit. The main idea was to maintain contact between each 
chemical and the plastic in a non-degrading setting. This allowed the chemicals the 
opportunity to absorb to the plastic without exposure to temperatures and/or sunlight. 
At the end of each week over a four-week period, three plastic samples were 
removed for measurement. Each sample was extracted using the procedure described 
above. Each sample was measured in triplicate, thus providing nine numbers for each 
week. The results of this exercise are summarized in Table 6. A complete table of results 
is found in Appendix D. 
Discussion 
Table 6 shows the average concentration of each compound from samples 
measured throughout the four week period. The initial concentration used to inoculate 
samples is also reported. Approximately the same amount of each compound was 
measured for all four weeks, but there is some variability in these results. The numbers 
vary in both directions during the experimental time period. The differences in results are 
likely due to the fact that different pieces of plastic were used to make measurements for 
each corresponding week. Because all chemical mass was removed from each sample 
during the extraction process, the same plastic sample could not be measured again. 
The differences in concentration were most likely due to the inability to provide a 
homogeneous mixture when liquid samples are collected to fill vials. Examination of the 
raw data indicates that variability lies among the three different samples measured for each 
week. Some of these numbers vary as much as 30-40 ppm, but most were within 10 ppm. 
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Table 6. Concentration results from the absorption study, with all values in ppm. 
· Week Zero One Two Three Four Std. Devfa l 
(Standard) 
metribuzin 72.3 70.9 69.9 74.2 75.8 2.8 
chlorothalonil 48.1 50.4 50.5 45.2 48.1 2.5 
azoxystrobin 46.6 43.9 46.2 47.9 46.4 1.6 
P-endosulfan 381.3 351.1 349.8 351.0 346.4 2.2 
a-endosulfan 105.9 89.3 93.0 93.0 86.5 3.2 
esfenvalerate 36.4 33.7 32.7 34.1 35.3 1.1 
The main objective of this experiment was to observe any trends in concentration 
during the four-week period. If the amount of pesticide measured decreased each week, 
then it could be assumed that the chemical was gradually binding tighter to the plastic and 
could no longer be extracted. Since the concentrations do not generally increase or 
decrease over time, then it can be assumed that no significant absorption was talcing place. 
The important result from this exercise is that concentrations did not change 
significantly over time, which proves that the pesticides were still available for extraction at 
a reasonable percentage after a period of four weeks. Whether the chemicals bond to the 
plastic matrix was not determined, but it can be assumed that these residues are available to 
extraction using the designed procedure. This also means that residues remaining on the 
plastic are available for removal by natural water movement in the environment. 
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Conclusions 
A complete laboratory protocol was designed to extract and measure the subject 
chemicals in a single procedure. The procedure was tested for its reliability by determining 
detection limits and extraction efficiencies. 
The analytical procedure is comparatively simple when tal<lng into account that five 
different products with varying chemistries are being measured by one injection into the 
HPLC. The designed extraction methods are easy to conduct and relatively inexpensive 
when the cost and maintenance of advanced specialized extraction equipment is 
considered. The time it takes to prepare, extract, and measure a sample is less than nine 
hours. Sample preparation takes less than thirty minutes, time on the shaker table is 
approximately eight hours, and the HPLC requires approximately 25 minutes to run the 
sample. Multiple samples can be analyzed simultaneously because of the ability to extract 
several samples on the shaker table and to automatically run 100 vials in the HPLC auto­
sampler. 
The methodologies performed well under laboratory testing. Detection limits were 
determined to be less than 112 ppb, which corresponds to a very small amount of chemical 
mass on each plastic sample. Extraction procedures worked well, with recoveries greater 
than 89% for all the chemicals of interest. Absorption studies showed that during a four­
week period, chemicals are available for extraction. Even if absorption occurs, it is not to 




In order to collect actual da� a field study was conducted. A plot was arranged to 
be similar to a production tomato field in Eastern Tennessee. The contents of this chapter 
report all aspects of that field study. Descriptions of the plot arrangement, application 
methods, and sampling techniques are presented below. 
Plot Setup 
A 200 by 80 ft plot at the Knoxville Experiment Station was chosen for the field 
study (Figure 11 ). This location was chosen because of its close proximity to the 
laboratory, availability of equipment, and availability of staff with experience in tomato 
production. The soil was prepped with a tractor-mounted rotary tiller. A standard mix of 
granular fertilizer was then applied throughout the entire field. Twenty 50 by 3 ft beds 
were raised and covered using a tractor mounted plastic-layer and bedder manufactured by 
Rain-Flo (East Earl, Pennsylvania) (Figure 12). The use of this machine enabled forming 
of the beds, insertion of drip tape, and plastic laying. Drip tape was used to provide 
irrigation and chemigation to the roots of the tomato plants during the study. 
Fourteen of the twenty rows were used for the experiment. The other six were 
utilized to test extraction procedures. For the experimental rows, a lateral constructed of 
lay-flat pipe was used to connect the drip tape to a set of sand filters. The sand filters were 
equipped with an in-line Dosatron® chemical injection unit, enabling the injection of 
nutrients into each soil bed. 
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Figure 11 . Plot layout at the Knoxville Experiment Station. 
Figure 12 . Rainflo plastic layer. 
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Tomato seed was purchased, seeded and grown in float beds at the Plateau 
Experiment Station located in Crossville, Tennessee. The tomatoes were transplanted on 
May 15, 2003. Fourteen tomato varieties were replicated three times. In order to do this, 
each row was divided into three blocks. This allowed for variety testing to be conducted 
along with the pesticide experiment. The plants were maintained according to traditional 
methods, with the tomato plants tied and suckered when needed. Yield data were collected 
and recorded for each harvest. The average yield for all 14 cultivars was slightly less than 
5 pounds per plant. 
Chemical Application 
All five subject chemicals were applied to the plot. Four of the chemicals 
(insecticides and fungicides) were applied directly to the plant canopy, while the herbicide 
was applied to the area between the rows. Chemicals were applied to the canopy using a 
directed-boom sprayer shown in Figure 13 .  This particular sprayer was built by the 
Vegetable Initiative Team in the Biosystems Engineering Department shop. An agitator in 
the chemical tank enabled sufficient mixing of the chemicals during application. The 
sprayer unit was mounted on a John Deere (Moline, Illinois) 900HC tractor. The system 
was pressurized using a power takeoff mounted Hypro 7700C roller pump manufactured 
by Hypro (New Brighton, Minnesota). The sprayer/tractor combination was calibrated 
using methods provided in the UT Extension Service Vegetable Disease Control Guide 
(University of Tennessee Extension Service, 2003). During calibration, tractor velocity and 
system operating pressure was set for proper chemical application. 
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Figure 1 3. Tractor and sprayer used to apply insecticides and fungicides. 
Herbicide applications were conducted using a sprayer mounted on a Kawasaki 
(Irvine, California) Prairie 400. The herbicide was applied between the rows to an extent 
that any side overspray would be captured by the plastic beds. Fluid pressure was provided 
to the system using compressed carbon dioxide. Calibration was conducted according to 
the same methods mentioned above. The desired velocity and operating pressure for 
chemical application were set during calibration. Figure 14  shows herbicide application to 
the plot using the four-wheeler mounted sprayer. 
A project timeline was kept during the experiment, with each chemical application, 
chemical names, amounts, and dates recorded. The total mass applied to the field was 
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Figure 14. Herbicide application between rows . 
important, since any chemical mass remaining on the plastic could be compared to the 
amounts applied. The timeline for this experiment is shown below (Table 7). The amounts 
for each application were based on recommended amounts. The plot area plot was 0. 17  
acres (150 by  50 ft rows). This area was used to determine the application amounts found 
in Table 7 .  
Sample Collection 
After the final harvest, one-square-foot plastic samples were collected from the 
plot. One sample was collected from each of the three blocks from each row. Sample 



















Table 7. Research plot timeline. 
Completed Task(s) 
Beds prepped and plastic laid at KES 
Installed irrigation 
Set transplants 
Applied O .4 7 lbs metribuzin 
Applied 40 mL esfenvalerate, 6 fl. Oz endosulfan, 
6 fl. Oz chlorothalonil, and 24 mL azoxystrobin 
Five plastic samples collected 
Applied 24 mL azoxystrobin and 6 fl. Oz endosulfan 
Applied 40 mL esfenvalerate and 6 fl. Oz chlorothalonil 
Harvest 
Applied 6 fl. Oz endosulfan and 24 mL azoxystrobin 
Harvest 
Harvest 
Harvest; Applied 0.47 lbs metribuzin, 6 fl. Oz chlorothalonil, and 




42 Plastic Samples Collected 
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the plot was recorded. Plastic samples were cut using a utility knife with a one square foot 
piece of plywood as a guide (Figure 15). The samples were immediately placed a sample 
jars and sealed. All 42 samples were then transported back to the laboratory for analyses. 
Analysis 
Plastic samples were extracted according to the procedures previously described. 
Each sample was measured in triplicate by filling three HPLC vials from each bottle. The 
vials were placed on the HPLC auto-sampler for analysis. Chapter Four provides the 
results from the field study. 
Figure 15 . Example of sample collection in the field. 
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CHAPTER IV. RESULTS AND DISCUSSION 
Sample Results 
Single Application Data 
Twenty-three days after transplanting, the herbicide was applied between the rows 
using the four-wheeler mounted sprayer. Insecticides and fungicides were applied 40 days 
later using the directed-boom sprayer. The insecticides and fungicides were allowed to dry 
for four hours. Plastic samples were then collected to determine how much of the chemical 
material had made contact with the plastic as a result of the first application. Five one­
square-foot samples were collected at random in the plot and measured using the developed 
procedure. The results from each sample were averaged according to each chemical. 
Table 8 shows the average mass of each pesticide on the plastic surface after the first 
application. 
It was important to show that chemical residues were indeed contacting the plastic 
upon pesticide application; the numbers in Table 8 prove. The data show the average 




metribuzin 2 .68 
chlorothalonil 9.51 





amount of residue that was found on one square foot of plastic after the first application. 
Results for the same chemical from different samples did not vary much, proving that 
chemical application was fairly uniform across the plot. The variability is most likely due 
to differences in canopy density across the plot. 
The average amounts in Table 8 will be used as comparison to the results of 
samples collected at the end of the growing season. If the initial and final amounts are 
known, then the difference between them must be due to environmental factors such as rain 
or sunlight. Chemical residues were either volatilized or broken down into metabolites by 
sunlight energy, or carried away by runoff from the plastic during rainfall events. 
However, for this research the focus was not on chemical fate, but rather on the amounts 
that remained on the plastic after the final harvest. 
Final Results 
Table 9 is a summary of the results from plastic samples collected from the entire 
plot after the final tomato harvest. These values are the average mass of residue for one­
square-foot of plastic. Triplicate measurements were averaged together for each sample. 
All of the samples were then averaged to achieve an overall mean. The standard deviation 
for each subject chemical is also included. The purpose of these numbers is to achieve a 
general perspective on how much residue was remaining on the plastic. 
The adjusted chemical residue mass was found by dividing the average measured 
mass by extraction efficiency. This would produce a worst possible case for pesticide 
presence on one-square-foot of plastic. These results show fairly small amounts of 
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Table 9. Field sample chemical mass (mg), per-sq.-ft of plastic. 
Chemical Average Mass Std. Dev. Extraction Adjusted Residue Efficiencl Mass 
metribuzin 0.015  0.008 0.89 0.0 1 7  
chlorothalonil 0.055 0.091 0.96 0.057 
azoxystrobin 0.002 0.003 0.92 0.002 
P-endosulfan 0.220 0.2 1 2  0.99 0.222 
a-endosuHan 0.01 0  0.0 1 7  0.94 0.0 1 1 
esfenvalerate 0.099 0.026 0.98 0. 1 0 1  
pesticide for a given sample of plastic. Five of the six compounds measured were found in 
amounts less than 0. 1 mg. The results are very interesting when the remaining amounts are 
compared with applied amounts. The chemical with the highest applied mass was 
chlorothalonil, but it was found in rather small quantities in the end. The second-most 
applied chemical was metribuzin, but most of it was applied to the areas between the rows. 
�-endosulfan had the third-highest applied amount, and it produced the greatest amount of 
residual at the end of the growing season. This result corresponds to the results of other 
researchers. Several reviewed articles indicated that �-endosulfan tends to be very 
persistent in the environment, and that is why it has often been chosen as a subject in 
previous environmental pesticide studies (Schlein et al., 1995; and Nerin et al., 1 996). 
Some of the differences could perhaps be attributed to the inclusion of soil and 
organic matter with the plastic samples. It was possible that pesticide residues bound to 
soil particles once they were in solution in the sample bottle. If chemicals bound tightly to 
soil particles, then they could no longer be measured because any particles larger than 0.2 
µm were removed during the :filtration process. 
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Measured results were low when compared to theoretical mass applied to the plot. 
Results in Table 10 show a comparison between how much of each pesticide was applied - . 
and the amount that was measured. This comparison is made on the basis of a square foot 
of plastic. The theoretical amount of chemical applied per square foot of plastic was 
determined by taking the total amount applied from Table 7 and converting each number to 
mass by using the density of each material provided on the product label. The mass applied 
was then multiplied by the number of applications to attain the total applied mass. This 
value was then divided by the total area of plastic in the plot (approximately 2100 sq. ft.). 
These calculations assumed that all of the pesticide mass was applied only to the plastic 
surface area in the plot, providing the worst possible case for comparison of these results. 
The percent remaining was determined by dividing the amount measured by the theoretical 
amount applied, and multiplying by 100. 
The amount of pesticide residue remaining on the plastic was ve:ry small when 
compared to the amount applied to the plot. Most of the herbicide metribuzin was applied 
to the areas between the rows, but the outer nozzles were constantly applying chemical to 
Table 10. Comparison of amount applied to amount measured. 
Chemical Theoretical Amount Mean Measured % Remaining Aeelied {mg}laJ {mgllbJ 
metribuzin 153 0.015 0.01 
chlorothalonil 477 0.002 0.00 
azoxystrobin 9 0.055 0.57 
endosulfan lcJ 149 0.230 0.15 
esfenvalerate 2 0.099 5.35 
[a]Theoretical amount applied per square foot of plastic 
lh1These values are per square foot of plastic 
[cJa and P-endosulfan values were summed because of a 1: 1 mixture in product 
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the outer edges of the plastic bed. The directed-boom sprayer applied droplets directly to 
the canopy by completely surrounding the plants during application. Some chemical losses 
could be due to drift, but chemical applications were usually conducted in the early 
morning hours when winds were at a minimum. 
All results in Table 10 are on a per-square-foot-of-plastic basis, and show that the 
amount measured on the plastic is significantly smaller than the amount theoretically 
applied to the plot. The numbers in Table 8 provide insight into how much of each 
chemical could be present on the plastic when the number of applications is considered. 
The end amounts are still significantly smaller than the amount applied. Chemical 
losses from the plastic could have occurred through volatilization and/or degradation to 
various metabolites, or could have been carried away by rainfall and runoff on the plastic 
surface. In this case, chemical residues were transported to the soil, where they have 
degraded. 
The mass of chemical measured on plastic samples ranged from no detection to as 
high as 0.6 mg. The highest cumulative amount for all of the samples was found for P­
endosulfan. Again, other research has proven this compound to be very persistent in the 
environment. Other chemicals were found in amounts less than 0. 1 mg. If all of the P­
endosulfan was captured from the plastic used in this study, then there would be 
approximately 500 mg of this material. According to United States Environmental 
Protection Standards, for endosulfan the surface water and groundwater limit is 0.009 µg/L 
(Zambrano and Stoner, 1998). If all of the plastic material from this plot was buried and all 
of the P-endosulfan was available to groundwater, then it could potentially be a problem. 
41 
Further research would be required to determine the behavior of plastic/pesticides in an 
underground environment. 
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CHAPTER V. SUMMARY AND CONCLUSIONS 
Summary 
The main objective of this research was to determine the amount of pesticide 
residue attached to plastic mulches at the end of a growing season. An extraction and 
measurement procedure was developed and tested to make this determination. Chemical 
and physical extraction was conducted using acetonitrile in conjunction with an orbital 
shaker table. Liquid samples were measured to determine the chemical mass of subject 
pesticides using HPLC. The extraction and measurement procedures were checked for 
reliability by determining the detection limits and extraction efficiencies. Detection limits 
were found to be between 10  and 1 12 parts per billion for the subject chemicals. Extraction 
efficiencies were all greater than 890/o, with most higher than 94%. 
A field study was conducted by setting up an experimental plot that was similar to a 
typical production tomato field. Subject pesticides were applied using traditional methods 
according to recommended rates. One-square-foot plastic samples were collected from the 
field and measured for pesticide contamination. The results show that pesticides remain 
attached to the plastic in very low amounts. The mass of subject compounds were found in 
amounts ranging from below detection limit to as much as 0.6 mg for a square foot plastic 
sample. 
Conclusions 
The results show that pesticides, when applied during plasticulture practices, do 
remain attached to plastic surfaces. However, when compared to the amounts of chemical 
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applied to the plot, the amount of remaining chemical mass is very small. When these 
plastics are put together after removal from the field, the remaining residues could 
potentially be a problem when they could be cumulative through a recycling process or 
underground setting. 
Recommendations for Further Research 
Further testing of plot data could prove useful with regards to this research. The 
information presented is only from one plot for one growing season. Multiple plot-years of 
data could provide an overall relationship between the amount of chemical applied and the 
amount of residue remaining after the final harvest. 
Other experiments could explore the disappearance of chemical during the time 
period between the final chemical application and ultimate plastic removal. If growers left 
plastic mulches in the field for a longer time period after the final harvest, could most of the 
residues be removed during that time period? 
Another experiment could examine the worst possible case for contamination of 
plastic. This could be conducted by applying the recommended rates of pesticides to a field 
with plastic but with no plants. This would enable all of the chemicals to contact the plastic 
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Material and Safety Data Sheet for Sencor (metribuzin) 
Bayer CropScience 
MSDS Number: R000008438 
SENCOR OF 75% Dry Flowable Herbicide MSDS Version 2.0 
RI &J -[ l!rnH ITT m. ·•-���-�,a, 
SECTION 1 .  CHEMICAL PRODUCT AND COMPANY INFORMATION 
Bi . .R NffiBl!ial. li.� ��-filEl-�!f�l�z: 
Product Name SENCOR DF 75% Dry Flowable Herbic,de 
Chemical Name 
Common Name 
MSDS Number R000008438 
Chemical Family 
Chemical Formulation 
EPA Registration No. 264-738 
Bayer CropScience 
2 T.W. Alexander Drive 
Research Triangle PK, NC 27709 
USA 
For MEDICAL, TRANSPORTATION or Other EMERGENCY call 1 -800-334-7577 24 hours/day 
For Product Information call 1-866-99BAYER (1 -866-992-2937) 
Product Use Description Sencor DF 75% Ory Flowable Herbicide is used for the control of certain grasses 
and braodleaf weeds. The maiximum use rate is 1 .33 lbs per acre (1 .0 lbs active 
ingredient per acre). 
Metribuzin Technical 
Crystalline Silica (Quartz) 
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0.8500 . 1 . 1500 
Bayer CropScience 
Materia l Safety Data Sheet 
SENCOR DF 75% Dry Flowable Herbicide 
MSDS Number: R000008438 
MSDS Version 2.0 
�-- IHI  §IBJIB��!l�l�l �i �mL zL1�  ._ 
SECTION 3. HAZARDS IDENTIFICATION 
NOTE: Please refer to Section 1 1  for detailed toxicological information. 
Emergency Overview Caution! Hazards to humans and domestic animals. Harmful if swallowed or 




















Skin contact, Skin Absorption, Eye contact 
Causes moderate eye irritation. 
May be harmful if absorbed through skin. 
May be harmful if swallowed. 
.,� f� ._;.. _._ � � � �:- < _-) itjt�Ji��J�i � �i" � � · °6 · : � � ;; � ·;..i :.;,·i; .....,.....,.,.o..;u 
Hold eye open and rinse slowty and gently with water. for 1 5-20 minutes. 
Remove contact lenses, if present, after the first 5 minutes, then continue rinsing 
eye. Call a poison control center or doctor for treatment advice. 
Take off contaminated clothing. Rinse skin immediately with plenty of water for 
1 5-20 minutes. Call a poison control center or doctor for treatment advice. 
Call a poison control center or doctor immediately for treatment advice. Have 
person sip a glass of water if able to swall_ow. Do not induce vomiting unless told 
to do so by a poison control center or doctor. Do not give anything by mouth to 
an unconscious person. 
The compound does not cause any definite symptoms that would be diagnostic. 
Poisoning is accompanied by breathing difficulties and sedation. 
Treat symptomatically. 
. � .  ·. . 
SECTION 5. FIRE FIGHTING MEASURES 
Flash Point Not applicable 
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Materia l Safety Data Sheet 
SENCOR OF 75% Dry Flowable Herbicide 
MSDS Number: R000008438 





General and Disposal 
Land Spill or Leaks 








Water, Dry chemical 
Keep out of smoke. Cool containers exposed to fire with water. Fight fire from 
upwind position. Fire fighters should wear self-contained breathing apparatus. 
Contain runoff to prevent entry into sewers or waterways. 
Isolate hazard area. Keep unauthorized people away. Do not walk through 
spilled material. Avoid contact with spilled product or contaminated surfaces. 
Avoid creation of dusty conditions. 
Use proper protective equipment to minimize personal exposure (see Section 8). 
Sweep up and shovel into suitable containers for disposal. Clean up residual 
material by washing area with water and detergent. Flush with water. 
Contaminated soil may have to be removed and disposed. Do not allow material 
to enter streams, sewers or other waterways or contact vegetation.  Use dry 
absorbent material such as clay granules to absorb and collect wash solution for 
proper disposal. 
. Ji<··.·•·'"_... :-·, .,, ,... ,.·:," w·� 
Store in a cool. dry area. Store in an area that is out of reach of children and 
animals. away from the home or home garden. Do not contaminate water, food, 
or feed by storage or handling. 
30 day average not to exceed 1 00 F 
Eye contact should be prevented through use of chemical safety glasses with 
side shields or splash proof goggles. 
Chemical-resistant gloves (barrier laminate, butyl rubber, nitrile rubber or Viton) 
No personal respiratory protective equipment normally required. VVhen 
respirators are required, select NIOSH/MSHA approved equipment based on 
actual or potential airborne concentrations and in accordance with the 
appropriate regulatory standards and/or industrial recommendations. 
Avoid contact with skin and eyes. Clean water and soap should be available for 
washing in case of eye or skin contamination. Wash hands thoroughly with soap 
and water after handling and before eating, drinking, chewing gum, using 
Page 3 of 8 
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Material Safety Data Sheet 
SENCOR DF 75% Dry Flowable Herbicide 
MSDS Number· R000008438 
MSDS Version 2.0 
tobacco, or using the toilet. Educate and tram employees in safe use of the 















Form of Exposure Respirable dust. 
OSHA Z1A TWA 
Form of Exposure Respirable dust. 
US CA OEL TWA PEL 
Form of Exposure Respirable dust. 
US CA OEL TWA PEL 
Form of Exposure Total dust. 
ACGIH TWA 
1a · n mamr Ii mm rr1n1111111&& 
SECTION 9. PHYSICAL AND CHEMICAL PROPERTIES 
I-I! 11 1£� -. 









33 - 37 lbs/cu .ft. 
(for metribuzin technical) 
0. 1 050 g/1 






0. 1 mg/m3 
0.3 mg/m3 
0.05 mg/m3 
Conditions to Avoid Sustained temperatures above 1 00°F; highly alkaline conditions for extended 
periods of time. Metribuzin may react with ketones and aldehydes. 
Incompatibility 
Hazardous Products of 
Decomposition 
Strong bases 
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Material Safety Data Sheet 
SENCOR DF 75% Dry Flowable Herbicide 
Hazardous 
Polymerization 
(Conditions to avoid) 
Will not occur. 
MSDS Number: R000008438 
MSOS Version 2.0 
RlffiinmIRI i IIIJIIIB-�-- -r.� 
SECTION 1 1 .  TOXICOLOGICAL INFORMATION 
.. . ..::;,\ -�·i . -� � �ft� 
·i·.,q,; . .. �- ., ».»i. • • • .  
Only acute toxicity studies ha\le been performed on this product a s  formulated. The non-acute information 
pertains to the active ingredient. metribuzin, 
Acute Oral Toxicity Male Rat: LOSO: 2,365 mg/kg 
Female Rat: LOSO: 1 ,449 mg/kg 
Acute Dermal Toxicity Male and Female Rat: LOSO: > 2 .000 mg/kg 
Male and Female Rabbit: LOSO: > 5,000 mg/kg 
Acute Inhalation Toxicity Male and Female Rat: 1 -hr exposure to dust {extrapolated from 4-hr LCSO): > 
19 .36 mg/I 
Male and Female Rat: LC50: 4-hr exposure to dust: > 4.84 mg/I 
Skin Irritation Rabbit: Mild skin irritation 
Eye Irritation Rabbit: Moderate eye irritation. 
Sensitization Guinea pig : Not a skin sensitizer. 
Sub-Chronic Toxicity Metribuzin caused increased cholesterol levels, liver enzyme induction and 
secondary effects on thyroxin levels in a subacute dermal toxicity study in 
rabbits. 
In subacute inhalation studies, rats exposed to aerosol concentrations of 
metribuzin exhibited behavorial changes, liver enzyme induction and secondary 
effects on organ weights associated with decreased body weight gains. 
Chronic Toxicity Major effects in rats and dogs from long-term exposure to metribuzin included 
decreased body weight gains, decreased food consumption , anemia, mortality 
and/or organ effects (liver, kidney, thyroid, testis). 
Assessment Carcinogenicity 
In oncogenicity studies in rats and mice, metribuzin was not considered carcinogenic in either species. 
ACGIH 
Metribuzin Technical 
Crystalline Silica (Quartz) 
NTP 










Material and Safety Data Sheet for Bravo ( chlorothalonil) 
syngenta MATERIAL SAFETY DATA SHEET 
Syngenta Crop Protection, Inc. 
Post Office Box 18300 
Greensboro, NC 27419 
1. PRODUCT IDENTIFICATION 
In Case of :Emergency, Call 
1 -800-888-8372 
________ ....................... ..... . 
Product Name: BRAVO WEATHERSTIK 
EPA Signal Word: Warning 




Chlorinated Bt�nzonitrile Fungiddc 
EPA Registration Numhcr(s): 50534- 1 88- 100 
. . . . . .............. ......... ...... --,--------.-.-------.-........ --,...;....--
2.. COMPOSITION/INJt'ORMATlON ON INGREDIENTS 
Matr..ria.1 





Product No.: Al253 1 B  
CAS No.: 1 897-45--6 




______  __..... ______  .......... -............. .. . 
Not Established N()I Established Pmpyl.ene Glycol 
Silica, amorphous 
Chloro1.halon.il (54.0%1 
80 mgim' / % Si02 TWA IO mg/m3 (it1hlll11blc) 
TWA 
Nm Esumliskwd 
*0 Syngenta ()c"-upational Exposure Limit. (OEL) 
**0 Recommended by AIHA (American Industrial 
Hygiene Association) 
50 ppm TWA All-IA No 
WEEL **** 
Not Establish<!d No 




Jngredients not precisely identified are proprietary or non-hazardous. Values are nor product specifications. 
3. HAZARDS IDENTIFICATION 
SymptQ!:M.Q[&me Ex.posure 
An extremely severe irritant to eyes. May cause severe skin irritation and contact dermatitis. A mild skin sensitizer. 
Hazardous Ix;comp<1Silion Products 




Uihl gray liquid 
Slight 
Y.!!!:!���Lfirns .. firmJosion and Reac:;ri1d!y__Uaz.ards 
During a fire, irritating and pos..,ihly tox ic gast.'S may be gem�ra1ed by thermal decomposition or combustion. 
4. FIRST AID MEASURES 
Have the product container. label or Material Safety Data Sheet with you when calling Syngcma (80()-888··8372). a pl)i!>on 
contol center or doctor, or going for treatment. 




Chlon.lfhaloni l :  No evidence of carcinogeni<..ity in c.k:,gs afi.cr administ.rauon for up to cme year .  Treamem related 
increases in t he incidence of renal tubular aden0ma and carcinom:, were observed in rats and male 
mice. Squamous cel l  adenomas and carcinomas were also observed in the forestomach of both 
specie.,;. The forcstomach tumors seen in ro(font studies are not relevant LO human heal.th. as 
humans do n(lt possess an anatomical equivalent of the rodent forestomach. The relevance of 
n.'llal tumors tc, human health i.s undear, although me,atx,Jism data suggest that the dog. a species 
that is resistant to chlorrnha1onil-inducc.'<.I renal in_1ury, may be more representative of humans 
than the rat. IARC identities chlorothalonil as a 2B carcinogen (possibly carcinogenic w humans). 
Other Toxkity Information 
Studies on rats and mice have suggested that technical chlorothalonil (97%), when fed at high levels in the diet, may trnve 
oncogcnic potential to these laboratory animals, H0wever, neither chlorothalonil nor jts metabolites interact with ONA 
and Lhus are n ot rnutagenk. Tumor formation has been reJate.d to a non-genotoxic mechanism of action tor which 
threshold levels have heen established in rats and mice. Ccmtprehensive dietary and worker cxposw·e studies have shown 
exposure kvels for humans to be weJJ below these threshold levek In addition. surveiJlance of chlorolhaionil plant 
workers for over twcncy years has not demonstrated any increase in oncogenic p<ltential lo humans, 
Toxicity of Othg Components 
Propylene Glycol 
Reported to cause. central nervous system depression (anesthesia, diZ7iness, confusion), headache and nausea. 
Also, eye irritation may occur with lacrimation but no residual discomfort or injury. Prolonged contact to skin 
may cause mild to moderate irritation and possible allergic reactions. Chronic dietary cx.posure caused kidney 
and liver injury in experimental animals. 
Silica, amorphous 
Dusts in high concentrations may cause skin, eye and respiratory m,ct irritation. 
Target Organs 
Active Jngredients 




Lung, eye, kidney 
CNS, skin, eye, kidney, liver 
Skin, eye, respiratory tract 
··· -· ········ ·········-·-··----······ .. ······· .. ···········----
12. ECOLOGICAL I.NFORMATION 
Summary of Effects 
Ch lorothalonil: 




Chlorothaloni I :  
Environmental Fate 
Chlorothalonil: 
Bees LC50/EC50 > l � l ug/bee 
Invertebrates (water flea) LC50/EC50 0.()68 ppm 
Fish (Trout) LC50/EC50 0.04 ppm 
Fi sh (Bluegill) LC50/EC50 0.06 ppm 
Bird� (S-day dietary - Bobwhite Quail) LC50/EC50 > 5,200 ppm 
Birds (8-day di�ary - Mallard duck) LC50/EC50 > 5,200 ppm 
Not Available 
No dat.- available for the formulation. The informar.ion presenu..-d here is tor the active ingrt..'<.lient, chlorOlhaloniL A 
thorough review of environmental information is not po8sible in this <locumcnt. 
Persi.stencc (Half-Life): SC\il: JO - 60 days. Water: Stable @ pH 5 - 7: 16 - 38 days @ pH 9. 
Photolysis (Half.·Life): Soil: Stable. Water: 65 days. 
Leaching/Mobility: Low - Immobile (Koc = 850 - 7000). 
·oduct Name: BRA VO WEATHERSTIK 
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Eye Contac.'.t: Where e}-c contact is lik.ely, use chemical splash goggles. Facilities storing or utilizing this material should 
be equipped with an eyewash faci lity and a safety .shower. 
Skin Contact: Where .;ontact is likely. wear chemical-resistant (such as nitrilc or butyl) gloves, coveralls, soch and 
chemical-resistant footw�r. For overhead exposure. wear chemical-resistant headgear. 
lnh,\latilm: U�e pl"Ol:C�s enclosures. Jocal exhaust vemilation, or other engineering c1mtrols to keep airborne lev¢ls 
below exposure limits. A NIOSH-ccrtificd c.ombination air-purifying respirator v.ith an N. P or R 95 or HF. 
class fi lter and an organic vapor cartridgl! may be permissible under certain circumstances where airborne 
coocentrations are expected to exceed expostue limits. Protection provided by air-purif)ing respirators is 
limited. Use a pressure demand atmosphere--supplying respirator 1f there is any potential for uncontrolled 
release. exposure levels are not known, or under any other circumstances wh<.�re air-purifying respirators 
may not provide adequate protection. 




Light gray liquid 
Slighl 
Not Applicable 
Boi ling Point: 2 1 2°F 
Specific Gravity/Density: 1 .34 g/ml (water = I )  
pH: 6.5 • 8.5 
. .... ,.. .......... . .  . .  . . .  , . .  -· -- ---�--
Soluhi)ity in H2O 
Chlorothalonil: 0.8 1  mg/I @ 77"F (25.::C) 
Vapor Pressure 
Chlorothalonil: 5.7 x. 1 0(-7) mmHg @ 77olF (25"C) 
10. STABILITY AND REACTIVITY 
.. ........ _, ................. . ···----------
Stability: 
Hazardous Polymerization: 
Stable under normal use and storage conditions. 
Mat,�ial is not known to polymerize. 
Conditions to Avoid: None known. 
Materiuls lo Avoid: N<mc kno\\1 . 




Acute Tj,)X icity/lJJimi.m.S.t�Q.i�.� .. {fi.n��hed Produs;O 
lnges1ion: Practically Non-Toxic 







Dermal (LD50 Rahhil) 
NOl AvailaQ!� 
Inhalation (LC50 Animal 
NOf Available) 
Severe Irritant 
Not A vai1able 
A skin sensitizer. 
�pr<x.luctive/De\l�Jg.Qm!;.ntal Effects 
9,000 mg/kg body weight 
> 2,000 mg/kg body weight 
Chlorothalonil: No evidence of adverse developmental effects in rabbit and raL studi�. 
Chronic/Subchronic. Toxicity Studies 
Chlorothalooil: In dogs, 1 years administration caused a sij;.'tlificant dei;rea,;c in lxidy weight gain ,lnd 
increases in absolute liver and lddncy weights. 
Ncurotoxicily: No cviden� in regulatory st.udies. 
Produ�t Name: BRA VO WEATHERSTIK 
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Material and Safety Data Sheet for Quadris (azoxystrobin) 
Syn enta Cro. Protection 
AZOXYSTRO.BlN 
The Active Ingredient in Quadris® and Abound® 
Chemical Structure: 




Molecular Formula: GizHnN;Os 
Mol�_g_llf!tr Weight: 403.4 
Ph'f.Sicochemical Pro/2!!_rties: 
Aq. Solubility: 6.7 mg/L 
Log Kow 2.5 
Vapor Pres. :  1 .1x10-10 Pa at  20"C 
(8.2)( 10·11 mm Hg} 
Henry's Law Constant: 7.3 10-5 Pa m3 mor1 
Dissociation constant (pKa) Neither acidic nor basic 
properties 
g_nviron�nt�.I F§!.t� Profile: 
Lab metabolism half-life 57 -136 days 
Lab soil pl'lotolysis half-life 1 1  days 
Field Soil Half-life. average 14 days 
Koc : 300 -1690 
Mobility Classification low mobility to immobile 
Sedimentiwater dissipation < 7 days 
rate (OT so) : 
A12J1Jication Rates: 
Applied at 5.0 to 24.6 ft oz (product) per acre (0.08 to 0.4 lb. 
adrve ingredient per acre) depending on crop and/or target 
disease. Applied as a foliar spray or as soil spray at planting, 
Also applied as Protege™ seed treatment at o. 1 to 3. 75 ff oz 
(product) per 100 lb. seed (0.65 to 24.3 g. active ingredient 










Aq. Pt1ololysis (l112): 










� Broad Spectrum fungicide 
Pale brown crystalline powder 
1 1 6°c 
1 .34 q/cm� 
ca. 14 days in pure sterile water 
and 3 days in natural river water 
Stable at environmental pH and 
temperature 
Not volatile from soil or plant 
surfaces 
practicalty nontoxic 
oral LDso >2000 mg /kg 
dietary LCgc >5200 ppm as 
practically nontoxic 
contact LD50 >200 �19 /bee 
harmless to non-target 
arthropods 
LCso 284 mg/kg soil 
highly to moderately toxic 
acute LC» = 470 - 2 160 µg/L 
very highly to moderately toxic 
acute ECso = 55 � >-4000 µgil 
EC50 = 57 - 10000 11g/L 
Margin of Safet'L(Environmental Ris.&.;_ 
Azoxystrobin is of low toxicity and consequently low risl( to birds. 
mammals, bees and other non-target terrestrial organiSms. 
Although highly toxic to aquatic organisms. actual field use of 
azoxyslrobin results in a low risk of effects due to azoxystrobin's 
low application rates and dissipation rate in the environment. 
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Material and Safety Data Sheet for Thiodan ( endosulfan) 
MATERIAL SAFETY DATA SHEET 
SECTION 1 - CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 
COMPANY ADDRESS: 
MICRO FLO COMPANY 
P.O. BOX TT2099 





EMERGENCY TELEPOHNE NUMBERS: 
(800) 424-9300 (CHEMTREC, transportation and spills) 
(800) 900-4044 (Poison Control Center, human health) 
(800) 345-4735 (ASPCA, animal health) 
: ENOOSULFAN 3 EC 
: Hexachlorohexahydromethano-2,4,3-benzodioxathlepin-3oxide 
: Cyclodiene organochlorine 
: EPA Reg. No. 51036-92 
SECTION 2 - COMPOSITION, INFORMATION OF INGREDIENTS 
COMPONENT PERCENTAGE CAS NUMBER OSHA PEL 
Endosulfan 33.7 1 15-29-7 0. 1 mg,tm3 
3321 3-65-9 (skin) 
Aromatic hydrocarbon 60.0 64742-94-5 100 ppm 
SECTION 3 - HAZARDS IDENTIFICATION SUMMARY 
(As defined by OSHA Hazard Communication Standard, 29 CFA 1910.1200) 
EMERGENCY OVERVIEW: Dark amber liquid with aromatic odor. 
- Fatal if swallowed, inhaled or absorbed through skin. 
- Causes severe eye irritation. 
- Avoid breathing vapor or spray mist. 
- Avoid contact with eyes, skin or clothing, 





Symptoms of over exposure are headaches, dizziness, nausea, vomiting, weakness, nervousness, muscle 
spasms and convulsions. 
POTENTIAL HEAL TH HAZARDS; 
EYE - Severely irritating to the eyes. If not removed promptly, will injure eye tissue, which may result in 
permanent damage. Degree of injury will depend on the amount of material that gets into eye and the speed and 
thoroughness of the first aid treatment. 
SKIN - Moderately irritating to the skin. Harmful if absorbed through the skin. Large exposures could be fatal. 
INHALATION - Vapor or spray mists may be fatal if inhaled. 
INGESTATION - Poison - may be fatal if swallowed. 
POTENTIAL PHYSICAL HAZARDS: Combustible liquid and vapor. 
ENVIRONMENTAL HAZARDS: Toxic to birds, fish, wildlife and domestic animals. 
SECTION 4 - FIRST AID MEASURES 
IF SWALLOWED: Call a physician or Poison Control Center immediately. If possible, vomiting should be 
induced under medical supervision drink one or two glasses of water and, to induce vomiting, give one ( 1 )  ounce 
of syrup of ipecac, if available, or touch the back of the throat with a finger. Do not induce vomiting or give 
anything by mouth to a person who is unconscious or convulsing. 
IF IN EYES: Flush eves with olentv of water. Call a nhvsiciAn immPni�tAlv 
60 
EXPOSURE LIMITS (8 HOUR TWA): (Refer to Section 3) 
ENGINEERING CONTROLS: Local exhaust ventilation may be necessary to control any air contaminants to 
within their TLVs during the use of this product Facilities storing or utilizing this material should be equipped with 
an eyewash facility and a safety shower. 
PERSONAL PROTECTIVE EQUIPMENT: 
EYE PROTECTION - Safety goggles or safety glasses with a full face shield. 
CLOTHING - Coveralls over short-sleeved shirt and short pants. Chemical-resistant footwear plus socks, 
Chemical-resistant headgear for overhead exposure. Chemical resistant apron when cleaning equipment, 
mixing, or loading. 
GLOVES - Chemical-resistant gloves, such as barrier laminate or viton. 
RESPIRATOR - A respirator with either an organic vapor removing cartridge with a prefilter approved for 
pesticides (MSHA/NIOSH approval number prefix TC-23C), or a canister approved for pesticides (MSHA/NIOSH 
approval number prefix TC-14G). 
Discard clothing and other absorbent materials that have been drenched or heavily contaminated with this 
product's concentrate. Do not reuse them. Follow manufacturer's instructions for cleaning and maintaining PPE. 
If no such instructions for washables, use detergent and hot water. Keep and wash PPE separately from other 
laundry. 
USER SAFETY RECOMMENDATIONS: 
1 .  Wash hands before eating, drinking, chewing gum, using tobacco or using the toilet. 
2. Remove clothing immediately if pesticide gets inside. Then wash thoroughly and put on clean clothing. 
3. Remove PPE immediately after handling this product. Wash the outside of gloves before removing. As soon 
as possible, wash thoroughly and change into clean clothing. 
SECTION 9 - PHYSICAL AND CHEMICAL PROPERTJES 
PHYSICAL DESCRIPTION: Dark amber liquid. 
ODOR: Aromatic with slight muskiness. 
MOLECULAR WEIGHT (technical): 406.96 
MOLECULAR FORMULA (technical): �H6Ck;O3$ 
BOILING POINT: Unknown. 
FREEZING POINT: Unknown. 
SPECIFIC GRAVITY: 1 .06 
pH: 6.5 - 7.0 ( 1% w/w in water} 
VAPOR PRESSURE: Unknown. 
% VOLATILE: 50% 
WATER SOLUBILITY: Emulsifiable. 
SECTION 1 0 - STABlLITY AND REACTIVITY 
CHEMICAL STABILITY: Stable, however may decompose if heated. 
CONDITIONS TO AVOID: Avoid temperatures above 105°F(40°C) and below 25°F (-5°C), 
INCOMPATIBILITY WITH OTHER MATERIALS: Alkaline and acidic conditions and materials. 
HAZARDOUS DECOMPOSITION PRODUCTS: Hydrogen chloride. Oxides of hydrogen, carbon, sulfur. 
HAZARDOUS POL VMERIZATION: Product will not undergo polymerization. 
SECTION 1 1  - TOXICOLOGICAL INFORMATION 
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Material and Safety Data Sheet for Asana XL ( esf envalerate) 
The MSDS format adheres to the standards and regulatory requirements 
of the United States and may not meet regulatory requirements 
M0000191 
in other countries . 
DuPont 
Material Safety Data Sheet 
· DuPont " 0ASANA" XL INSECTICIDE 
Revised 1-JUL-2002  
CHEMICAL PRODUCT/COMPANY IDENTIFICATION 
Material Identification 
•Asana• is a registered trademark of DuPont . 





1007 Market Street 
Wilmington, DE 19898 
PHONE NUMBERS 
Product Information 1-800-441-7515 (outside the U . S .  




CHEMTREC 1-800-424-9300 (outside U . S .  
703-527-3 887 ) 
1-800-441-3 637 (outside the U . S .  
302 -77'-100 0 )  
COMPOSITION/ INFORMATION ON INGREDIENTS 
Components 
Material CAS Number % 
ESFENVALERATE 66230-04-4 8 . 4  
( ( S) -CYAN0 ( 3 -PHENOXYPHENYL}METRYL (S) -4-
CHLORO-ALPHA- ( 1-METHYLETBYL) BENZENEACETATE ) 
INERT INGREDIENTS 91 . 6  
( INCLUDES PERCENTAGES OF THE FOLLOWING: )  
*XYLENE 133 0-20-7 <3 
*ETHYLBENZENE 100-,1-, <1  
• Diaclosure as a toxic chemical is required under Section 313 of 
Title III of the Superfund Amendments and Reauthorization Act of 1986  
and 40  CFR part 372 . 
HAZARDS IDENTIFICATION 
Emergency overview 
WARNING ! May be fatal if swallowed. Harmful if inhaled. 
tln nnt: triAt: i.n Ava• . nn --�i n .  I"\,. nn r.1 1"\t-.h ; "" ·· 
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1 
M00 00191 DuPont 
Material Safety Data Sheet 












AEL * {DuPont ) 
None Established 
None Establ ished 
2 mg/m3 , 8 & 12 Hr . TWA, Skin 
100  ppm, 435  mg/m3 , 8 Hr . TWA 
100  ppm, 8 Hr . TWA, A4 
STEL 150 ppm, A4 
100  ppm, 8 & 12  Hr . TWA 
150  ppm, 15 minute TWA 
100  ppm, 435  mg/m3 , 8 Hr . TWA 
100  ppm, 8 Hr . TWA, A3 
STEL 125 ppm 
25 ppm, 8 & 12 Hr . TWA 
Page 
* AEL is DuPont ' s  Acceptable Exposure Limit . Where governmental ly 
imposed occupational exposure limits which are lower than the AEL 
are in effect , such l imit s  shall take precedence . 







5 . 14 
1%V emulsion in Type 1 reagent water 
Oily/aromatic 
Liquid 
Straw to light amber 
7 . 9  lb/gal @ 20  deg C ( 68 deg F) 
STABILITY AND REACTIVITY 
Chemical Stability 
Stable at normal temperatures and storage conditions . 
Decomposition 
Hydrogen cyanide may be for.med by thermal decomposition or 
reaction with alkaline materia1s . 
Polymerization 
Polymerization will not occur . 
Other Hazards 
Incompat ibi lity Avoid heat , flame and contact with strong 
nvi iH ,-; ;_ nt'f J1,t'H1tnt-: i= _ 
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Appendix B. Discussion of Previous HPLC Work Regarding Pesticides 
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Another technology often used to measure chemical residue, metabolite, and 
pesticides is High-Performance Liquid Chromatography (HPLC). High efficiencies and 
low detection limits of HPLC aid in the determination of trace levels of pesticides in the 
environment. This technology allows measurement of pesticide concentrations in a non­
destructive manner. In other words, a gas chromatograph uses varying temperatures to 
volatilize subject chemicals so they can be measured as a gas. However, HPLC separates 
subject compounds by passing them through a separation column using mobile phase(s). 
Depending on how a particular chemical reacts to the receptor sites within the column 
determines how long it takes to enter the ultraviolet detector. At this point, calibration 
curves are used to determine concentrations of compounds by relating the absorbance units 
measured by the UV detector to concentration. Since each chemical has a different affinity 
in the column, they are separated in time along the chromatograph (Ivie, 1980). This 
technology, similar to gas and ion chromatography, allows for measurement of different 
chemical compounds simultaneously. 
Analytical Procedures for Pesticides 
Many published articles provide experimental procedures and resulting data for 
pesticide analysis in freshwater samples. These example procedures were used as models 
in the development of an analytical method to meet the goals of this research. Information 
regarding the subject pesticides and how HPLC can be used for analysis was sought. 
V andecasteele et. al (2 000) at Ghent University in Belgium were interested in 
identifying and quantifying 77 pesticides ranging in chemical structure and application in 
highly loaded groundwater samples. These researchers used HPLC with pH control of 
different mobile phases in order to attain results. Acetonitrile by itself and an acetonitrile 
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in combination with dichloromethane/methanol mixtures were used in conjunction as 
mobile phases for analyses. Standardized stock solutions were made by weighing and 
dissolving each pesticide in HPLC grade water and acetonitrile and used to create 
calibration curves. V andecasteele et al. (2000) used solid-phase extraction for preparation 
of each sample. Solid-phase extraction (SPE) is used when present concentrations of 
materials in solution are below detection limits of the procedure. SPE utilizes a material 
similar to silanized glass wool in a cartridge. When a sample is passed through it chemical 
residues are retained on the material. Cartridges are then cleaned with some kind of 
extractant like methanol, acetone, or acetonitrile (Beltran et al., 2000). This process makes 
the chemical mass soluble and removes it from the extractant. A C-18 SPE cartridge with 
acetonitrile as the clean-up agent was used by V andecasteele et al. (2000). They followed 
recommendations set forth by Schulein et al. (1995), Dean et al. (1996), Guenu and 
Hennion (1996), and Huen et al. (1994). All these researchers proposed the use of the C-18 
cartridge for multi-residue analysis of pesticides that are found at low levels in the 
environment. However, it is important to note that SPE requires a different cartridge be 
used for each sample because its absorption abilities are lost upon use. 
Methanol and water was used as eluents in several studies in pesticide analysis for 
freshwater samples. A 50:50 (v/v) mixture of methanol and water comprised the mobile 
phase that utilized a C 18 separation colwnn to determine the mass of seven herbicides with 
recovery levels ranging from 58 to 118% (Pinto and Jardim, 2002). Zanella et al. (2002) 
also used methanol and water to comprise the mobile phase for multiresidue analysis of 
water samples. However, all mentioned procedures required that the pH of the mobile 
phase be controlled with acid to keep the pH at or below 4.0. Essentially, the pH affects 
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the partitioning of chemicals in solution. Reupert et al. (2 000) used acetonitrile and water 
as the mobile phase, but he did not mention about altering the pH of the carrier phase 
before it entered the column. 
Further research produced a method that did not require any sample preparation. 
Reupert et al. (2 000) identified 2 7  different pesticides using HPLC including metribuzin 
which is a subject chemical (See Subject Chemicals ). A C 18 silanized separation column 
was used in conjunction with acetonitrile/HPLC-grade water as the mobile phase to make 
determinations. The authors reported using gradient technology in order to better separate 
compounds across the chromatograph. Gradients are used when resulting peaks of 
different compounds overlap one another. When this occurs, the integrator within the 
computer is not able to measure the area of the peak because of intersections, therefore 
producing incorrect or no results. Computer software controls the flow rates of each mobile 
phase in the HPLC. When a gradient is used, percentages of the mobile phases are varied 
according to time. For the sake of discussion, in this experiment, the initial mixture of 
acetonitrile/water was 15 to 85% for 60 minutes. After 60 minutes, the ratio was changed 
to 55% acetonitrile 45% water. The flow rate of the system was maintained at 0.8 mL/min 
and the wavelength of the UV detector was set to 2 30 nanometers. The method provided 
results for each targeted compound with a simple procedure by which each sample was 
only analyzed once. 
Other Useful Sources 
The United States Environmental Protection Agency (EPA) produced standard 
methods by which all types of chemicals can be analyzed from various materials such as 
soil and water. The Food and Drug Administration also has a similar database that shows 
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emphasis toward food products. These two databases were searched for methods that 
determined concentrations of the subject pesticides using HPLC. These databases did not 
contain methods for any of the subject compounds using HPLC. There were published 
methods available for some of them; however, these procedures required the use of gas 
chromatography or mass spectrophotometry, and they were released in the late 1960' s. 
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Appendix C. Technical Specifications of Analytical Column 
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§ SUPELCO 
595 North Harrison Road 
Beliefonte. PA 16823-0048 USA 
Telephone 800-247-6628 • 814-359-3441 
Fax 800-447·3044 • 81 4-359·3044 
email; supelco @sial.com 
sigma-aldrich.com/aupek:o HPLC COLUMN 
QUALITY ASSURANCE 
TEST �EPORT 
COLUMN: 25 cm x 4.6 mm ID SUPELCOSlL™ LC-1 8 5µm 
CATALOG #: 58298 
COLUMN #: 561 59-03 SlLICA LOT #: 5-1225 BOND LOT #: 51 28 
TEST CONDITIONS: 
MOBILE PHASE: 66:34. METHANOL:WATER 
FLOW RATE: 1 .5 ml/min. 
TEMPERATURE: Ambient 
PRESSURE: 3649 p.s.i. 
DETECTION: UV 254 nm 
TEST MIX: REVERSED PHASE (5-8278) 
SAMPLE SIZE: 1 0  µl 
TEST RESULTS: 
DESCRIPTION 





Colu!"'n Approved By q INGRAM 
_ VALUE 






Notes: 1 .  This column is shipped saturdted with 66:34, METHANOL:WA TER. 
2. Pressure reported is the combined co_lumn and system pressure. ,System pressure is typically i00 - 400 psi, upon flow rate. . . . . 
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Appendix D. Data Tables 
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End b 1 0ppb 
End a 5ppb 
Esfenval 5ppb 
Calcu lation Method 
Calb. Area Det. Limit 
Factor Rej. (ppm) 
0.021 0 1 .2461 0.0262 
0.0087 1 .2461 0.01 08 
0 .0089 1 .2461 0.0 1 1 1  
0.0903 1 .2461 0. 1 1 25 
0.0469 1 .2461 0 .0584 




26. 1 681 
1 0.841 07 
1 1 .09029 
1 1 2.52283 
58.44209 
1 5 .95008 
Area Amount Det. Limit (ppm) Det. Limit ppb 
28.45 0.4 12  0 .01 8045455 1 8 .0454551 8  
143 .72 1 .255 0 .01 0881 266 1 0.881 26566 
1 38.69 1 .24 0 .01 1 1 4 1 1 35 1 1 . 1 41 1 349 1 
69.96 1 2.55 0.223535663 223.5356632 
1 35. 1 7  12 .55 0. 1 1 5695458 1 1 5.6954576 
1 97.33 2 .51  0.01 58501 55 1 5.850 1 5456 
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Cone. % Recov 
(ppm) 
metribuzin 5. 726 4 .869 0. 850332 mean 0 .8881 636 
4 .853 0.847538 std. dev. 0.036205 1  
4 .877 0 .851 729 
5. 1 37 0 .8971 36 
5.099 0 .890499 
5. 1 28 0. 895564 
5.362 0.93643 
5 .36 0. 936081 
azoxystrobin 2 .455 2 .336 0.951 527 mean 0 .9629328 
2 .323 0.946232 std. dev. 0 .01 42508 
2 .339 0.952749 
2 .389 0 .9731 1 6  
2 .395 0. 97556 
2.402 0 .97841 1 
chlorothalonil 2.5 2 .298 0.9 1 92 mean 0.9220667 
2 .288 0 .91 52 std . dev. 0.0047961 
2 .303 0.92 1 2  
2 .305 0.922 
2 .321 0 .9284 
2 .3 16  0 .9264 
endosulfan-beta 2.5 2 .509 1 .0036 mean 0 .993 
2 .387 0.9548 std. dev. 0. 023 123 
2 .54 1 .0 16  
2 .498 0.9992 
2 .482 0 .9928 
2 .535 1 .01 4 
endosulfan-alpha 2 .5  2 .476 0.9904 mean 0.93728 
2.298 0.9 1 92 std. dev. 0.0361 678 
2 .393 0.9572 
2 .298 0. 91 92 
2 .251 0. 9004 
esfenvalerate 2 .5 2.467 0 .9868 mean 0. 982 
2.463 0 .9852 std. dev. 0.0 1 2901 7 
2.481 0 .9924 
2.487 0. 9948 
2 .468 0.9872 
2 .406 0.9624 
2 .41 3 0 .9652 
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D.3 Absorption Experiment 
Sample 1 2 3 Mean Standard 
A-1 metr 72.81 8 72.91 8  73 .31 5  73.01 7 72 .339 
az 43.568 43.667 43 . 807 43.68 1 46.569 
chi 47. 954 48.096 48.288 48. 1 1 3  48. 142 
end b 264.773 264.787 265. 1 80 264.91 3 381 .309 
end a 91 . 1 38 91 .247 9 1 .677 91 .354 1 05.89 
esf 35.771 35. 877 36. 0 1 6  35.888 36.365 
B-1 metr 67.841 67.866 68.035 67.9 14  72.339 
az 45.291 45.269 45.404 45.321  46.569 
chi 58.625 58.651 58.793 58 .690 48. 142 
end b 424.61 2 424.097 424.659 424.456 381 .309 
end a 80. 1 96 80. 1 69 80.362 80.242 1 05.89 
esf 32.2 1 8  32. 1 82 32. 1 30 32. 1 77 36.365 
C-1 metr 71 .720 71 .998 71 .764 7 1 .827 72. 339 
az 42.670 42 .949 42 .829 42 .8 16  46.569 
chi 44. 149 44.429 44.262 44.280 48. 142 
end b . 363.01 1 365.2 10  363.377 363.866 381 .309 
end a 95 .577 97.231 95.661 96. 1 56 1 05.89 
esf 32 .850 33. 1 45 32 .769 32 .92 1  36.365 
Sample 1 2 3 Mean Standard 
A-2 metr 69. 1 0 1 69. 1 93 69.202 69. 1 65 72 .339 
az 45.349 45.393 45 .523 45.422 46.569 
ch i 61 .909 62.077 62.226 62.071 48. 1 42 
end b 3 1 1 .063 325.090 341 .430 325.861  381 .309 
end a 94.31 2 95. 1 82 1 03.345 97 .61 3 1 05.89 
esf 31 .065 31 .469 34 .295 32 .276 36.365 
B-2 metr 72 .801 72.867 72 .82 1  72.830 72.339 
az 47 .875 47.879 47.858 47.871 46.569 
chi 46.923 46.969 46.886 46.926 48. 142 
end b 361 .309 359.337 359. 1 81 359.942 38 1 .309 
end a 91 .070 89.852 89.848 90.257 1 05.89 
esf 34.489 34.079 34.063 34.21 0 36.365 
C-2 metr 67.723 67.774 67.697 67.731 72.339 
- az 45.465 45.473 45.422 45.453 46.569 
chi 42.578 42.582 42.522 42 .561  48 . 142 
end b 360.862 369.780 360.423 363.688 38 1 .309 
end a 91 .234 91 . 1 58 90.997 91 . 1 30 1 05.89 
esf 31 .689 31 .644 31 .453 31 .595 36.365 
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Sample 1 2 3 Mean Standard 
A-3 metr 74.281 7 1 .593 72.672 72.849 72.339 
az 49.588 47.764 48.444 48. 598 46.569 
chi 66.583 64 .283 65. 1 78 65.348 48. 1 42 
end b 279.079 287.363 281 . 079 282.507 38 1 .309 
end a 1 02 .942 99.369 1 00.681 1 00.998 1 05.89 
esf 37.764 36.351 36.879 36.998 36.365 
B-3 metr 75.71 2 74.049 74.704 74.822 72.339 
az 46.094 45.052 45.539 45.562 46.569 
chi 41 . 046 4 1 .876 38.277 40.400 48. 1 42 
end b 479. 1 4 1  496.474 482.235 485.950 381 .309 
end a 9 1 .537 9 1 .506 88.62 1 90.555 1 05 .89 
esf 32.059 3 1 .623 31 . 1 85 31 .622 36. 365 
C-3 metr 74.706 75.205 74.504 74.805 72.339 
az 49.349 49.798 49. 1 50 49.432 46.569 
chi 29.385 28.836 31 . 378 29.866 48. 1 42 
end b 5 1 2.81 0 51 9.4 1 0  522.875 51 8.365 381 .309 
end a 87. 086 86.682 88.676 87.481 1 05 .89 
esf 33.520 33.544 33.664 33.576 36. 365 
Sample 1 2 3 Mean Standard 
A-4 metr 76.768 76.941 76.937 76.882 72.339 
az 46.509 46.598 46.562 46.556 46.569 
chi 45.81 7 45.924 45.874 45.872 48. 1 42 
end b 263. 761 264 .305 264 .214 264.093 38 1 .309 
end a 84. 1 02 84.672 84.31 7 84.364 1 05 .89 
esf 35.292 35.338 35. 3 14  35.31 5 36.365 
B-4 metr 73.370 73.437 73.5 1 7 73.441 72.339 
az 46.027 46.040 46.059 46.042 46.569 
chi 52.473 52.509 52. 538 52.507 48. 1 42 
end b 51 0.645 5 1 0.452 51 0 .9 1 0  51 0.669 381 .309 
end a 90.522 90.579 90.676 90.592 1 05 .89 
esf 35. 1 75 35. 1 66 35. 1 78 35. 1 73 36. 365 
C-4 metr 77. 1 42 77.076 77.320 77. 1 79 72.339 
az 46. 73 1  46.67 1  46.81 0 46. 737 46. 569 
chi 46.037 46.005 46. 1 26 46.056 48. 1 42 
end b 264.437 264. 1 33 264 .51 2 264 .361 381 .309 
end a 84.529 84.497 84.794 84.607 1 05.89 
esf 35.473 35.409 35.487 35.456 36.365 
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D.4 Sample Data from the First Chemical Application 
Sample 
No. metr chlor azoxy 8-endos A-endos esfen 
DA1 a 21 .3391 73.4948 1 .7742 42.4903 36.4779 2.7878 
DA1 b 21 .2400 73:2486 1 .741 3  41 .3890 36.2237 2 .7458 
DA1 c 21 . 1 991  73.0771 1 .761 8  41 .431 7 35.9273 2 .7377 
DA2a 29.2586 99. 5732 2 .8520 58 .4845 54.2995 3.9466 
DA2b 29. 1 1 53 99.3269 2.841 1 57.6229 53.9674 3. 9250 
DA2c 29.2 1 54 99.5025 2.8595 57.7389 54.01 00 3 .9569 
DA3a 1 5.7241 1 24.41 89 2.7854 70. 1455 62.2760 4.0953 
DA3b 1 5.69 1 8  1 24.051 1 2 .8095 70. 1 750 61 .81 74 4.0609 
DA3c 1 5.5888 1 24.9838 2.7328 68.3083 61 .7 166 4. 1 554 
DA4a 37.4308 92. 3780 2.2449 53.871 0 45.971 0 3 .7932 
DA4b 36.2464 90.01 95 2. 1 806 50.2930 42 .4449 3. 5884 
DA4c 36.441 9 90. 1 579 2. 1 861 50.4501 42.8400 3 .6450 
DA5a 31 . 1 385 87.9 155 2.21 03 49.01 69 41 . 8780 3. 1 503 
DA5b 30.9332 87.5001 2 . 1 671  46.3801 40.61 50 3 .0809 
DA5c 30.7492 87. 1 1 96 2 . 1453 46.2876 40.5099 3.0795 
mean 26.7541 95. 1 1 78 2.3528 53.6057 47.3983 3 .5 1 66 
std dev. 7.6895 1 7.541 9 0.4234 9.9647 9.6945 0.5298 
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D.5 Field Sample Data (parts per million) 
Sample # metr azoxy chloro B-endos A-endos esfen 
Det. Limit 0.01 50 0.01 1 1  0.0108 0.0584 0.1 1 25 0.0160 
1 01 a  0. 1 557 nd 0. 1 424 0.9975 nd 0. 8922 
1 01 b  0. 1 640 0.0288 0. 1 347 0.5441 nd · 0.8964 
1 01 c  0. 1 525 0.0261 0. 1 365 nd 0.51 84 0.891 5 
1 02a 0.0686 nd 0.0872 0.9793 nd 0.8848 
1 02b 0. 1 036 nd 0.0838 0.4955 nd 0.8681 
1 02c 0.0767 0.0832 0.0832 0.5030 nd 0. 8727 
1 03a 0. 1 233 nd 0. 1 01 8  1 .2675 nd 0.6373 
1 03b 0. 1 1 49 0.0240 0.0928 1 .0062 nd 0.61 52 
1 03c 0. 1 1 33 0.0201 0.0954 0.0959 nd 0.61 20 
1 04a 0.0984 nd 0.0449 0.3462 nd 1 .001 3 
1 04b 0.0874 nd 0.0388 nd nd 1 .0042 
1 04c 0.0841 nd 0.0372 nd nd 1 .001 5 
1 05a 0. 1 694 0.0327 0.2496 1 .4041 0. 1 093 0.9609 
1 05b 0. 1 650 0.0283 0.2443 1 . 1 1 68 0.0772 0.952 1  
1 05c 0. 1 561  0.0300 0.2439 1 .0900 0.0579 0.9574 
1 06a 0. 1 985 0.0645 0.2688 0.9434 nd 0.9078 
1 06b 0. 1 956 0.0580 0.2623 0.6042 nd 0.8988 
1 06c 0. 1 950 0.0559 0.2625 0. 5799 nd 0.905 1 
1 07a 0.2823 0.0951 0.2448 1 .6406 0.0446 0.841 7 
1 07b 0.3049 0.0835 0.2385 1 . 1 8 1 6  0.0222 0. 8292 
1 07c 0.301 3 0 .0836 0.2396 1 .2 1 1 3  0.0883 0.8255 
1 08a 0.2525 0.0856 0 .5436 2 .8468 0.31 52 1 .0374 
1 08b 0.2646 0.0844 0.5354 2 .4574 0.2722 1 .0349 
1 08c 0.2648 0. 0806 0.5308 2.4482 0.2569 1 .0244 
1 09a 0.0835 0.01 23 0.0594 0.7401 nd 0.8697 
1 09b 0. 1 1 89 0 .0212  0.0585 nd nd 0.8576 
1 09c 0.0861 0.0072 0.0546 0. 3352 nd 0.871 3 
1 1 0a 0. 1 1 63 0.0441 0.2330 1 .2584 nd 0.8430 
1 1 0b nd nd nd nd nd nd 
1 1 0c 0. 1 026 0.0374 0.2237 0.7733 nd 0.81 1 9  
1 1 1 a 0. 1 060 nd 0.0458 0.4846 nd 0.9233 
1 1 1  b 0. 1 1 72 nd 0.0400 0. 0852 nd 0.9 1 74 
1 1 1 c 0.0902 nd 0.04 1 3  0.0678 nd 0.8970 
1 1 2a 0. 1 255 0.0304 0.2481 0.6556 nd 0.831 2 
1 1 2b 0. 1 495 0.0280 0.2453 0. 3584 nd 0.8048 
1 1 2c 0. 1 295 0.0327 0.2459 0.3647 nd 0.8 1 26 
1 1 3a 0. 1 1 1 1  0.0073 0. 1 021 0.6438 nd 0.81 37 
1 1 3b 0.0739 nd 0.0946 0. 1 071  nd 0. 7934 
1 1 3c nd nd nd nd nd nd 
1 1 4a 0. 1 853 0. 1 452 4 .5374 1 .8658 0. 1 51 6  1 .0729 
1 1 4b 0. 1 586 0. 1 381 4 .5008 1 .4620 0. 1 673 1 .0520 
1 1 4c 0. 1 731 0. 1 447 4 .5148 1 .5447 0. 1 488 1 .0551 
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Field Sample Data continued 
Sample # metr azoxy ch loro B-endos A-endos esfen 
Oet. Limit 0.01 50 0.01 1 1  0.01 08 0.0584 0.1 1 25 0.01 60 
201 b  0. 1 549 0.0478 0.35 12  0.8996 nd 0.7984 
201 c  0. 1 51 1  0.04 1 9  0.3478 0.9056 nd 0.7869 
202a 0.0939 nd 0.046 1 0.398 1 nd 1 . 1 1 30 
202b 0.0676 nd 0.0408 0. 1 061 nd 1 .0843 
202c 0.0522 nd 0.0403 0.0962 nd 1 .0841 
203a 0. 1 058 0.033 1 0.0885 0.8599 nd 0.9 1 61 
203b 0.0916 0.0286 0. 0794 0.51 73 nd 0.9524 
203c 0 .0934 0.0287 0.080 1 0.4971 nd 0.9662 
204a 0.0973 nd 0. 1 037 0.5327 nd 1 . 1 964 
204b 0.0972 nd 0. 1 009 0. 1 945 nd 1 . 1 976 
204c 0. 1 004 nd 0.0986 0.2267 nd 1 . 1 690 
205a 0.2734 0. 0525 0. 1 351 0 .9460 nd 1 .5098 
205b 0. 1 856 0 .0396 0. 1 233 0.6557 nd 1 .4780 
205c 0. 1 934 0 .0381 0. 1 268 0.6560 nd 1 .4974 
206a 0. 1 251 0.0306 0. 1 355 0.6303 nd 0. 9294 
206b 0. 1 321 0.0295 0. 1 304 0.3589 nd 0.91 57 
206c 0. 1 432 0.0278 0. 1 284 0.3779 nd 0. 893 1 
207a 0. 1 261 0 .0 1 53 0.051 3 1 .0375 nd 1 . 1 3 1 1  
207b 0 . 1 1 81 nd 0.0458 0.6379 nd 1 . 1 4 1 5  
207c 0. 1 140 nd 0.0430 0.5995 nd 1 . 1 345 
208a 0.2450 nd 0.3938 0.7331 nd 1 .0505 
208b 0.2478 nd 0.309 1 0.3483 nd 1 .0479 
208c 0.2553 0.01 37 0.3947 0.3526 nd 1 .0766 
209a 0.21 1 9  0.0800 1 . 1 021  1 .7065 0 . 1 526 1 .3628 
209b 0 .1 987 0.0624 1 .0948 1 .3760 0.0371 1 .3328 
209c 0. 1 933 0 .0681 1 .0901 1 .3 141  0. 1 042 0. 1 306 
210a 0.0724 nd 0.0378 0.731 1 nd 0.7657 
2 1 0b 0.081 3 nd 0.0306 0.3736 nd 0.7676 
2 1 0c 0.0775 nd 0.0336 0.4354 nd 0.7632 
21 1 a  0.2 1 80 0.021 3 0.0956 0.8403 nd 1 .0032 
2 1 1 b  0. 1 279 nd 0.0867 0.4024 nd 0.9950 
21 1 c  0.2067 0. 0337 0.0984 0.4407 nd 0.9845 
2 1 2a 0.0626 0 .01 27 0.0994 0.9042 nd 0.2457 
2 1 2b 0.0565 nd 0.0898 0.4482 nd 0.2389 
2 1 2c 0.0586 nd 0.0962 0.4664 nd 0.2508 
21 3a 0. 1 833 0.0904 0.6478 1 .391 7  0. 1 1 75 0.8738 
2 1 3b 0.2097 0.0968 0.6468 0.998 1 0.0832 0 .8749 
21 3c 0. 1 906 0 .0949 0.6456 1 .084 1 0 .0504 0 .0866 
2 14a 0. 1 71 8  0.0732 1 .7645 2 .2837 0.441 8 1 .0262 
2 14b 0. 1 202 0.0636 1 .742 1 1 .8 1 36 0.4085 0.9968 
214c 0. 1 1 89 . 0.0675 1 .7451  1 .9048 0.401 3 0.9842 
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Field Sample Data continued 
Sample # metr azoxy chloro B-endos A-endos esfen 
Det. Limit 0.01 50 0.01 1 1  0.01 08 0.0584 0.1 1 25 0.01 60 
301 c  0. 1 025 nd 0. 1 236 4.21 1 5  0. 1665 1 .0 1 39 
302a 0. 1 226 0 .0091 3 .0 1 60 6. 1 877 0 .2924 1 .3288 
302b 0. 1 1 69 nd 3. 0268 6 .0600 0.4262 1 .341 1  
302c 0. 1 302 0.0 145 2 .9899 5. 3827 0.3284 1 .3230 
303a 0. 1 4 1 0  0.0007 1 . 1 597 7.0374 0.8097 1 .51 57 
303b 0. 1 368 nd 1 . 1465 6.9992 0.9229 1 .51 39 
303c 0. 1471  nd 1 . 1 587 6 .51 72 0.9 124 1 .51 82 
304a 0 . 1 494 nd 1 .01 52 6.3298 0.2331 1 .3296 
304b 0. 1 859 0.0045 1 . 0377 7. 1 722 0.2522 1 .2989 
304c 0. 1 465 nd 0.9904 6 . 1 538 0 .3143 1 .3086 
305a 1 . 1 821  nd 0.3468 5.0302 0.0002 1 .6306 
305b 0 . 1 765 nd 0.3243 4 . 1 835 nd 1 .6 164 
305c 0. 1 626 nd 0.3087 4.2752 0. 1 71 0  1 .6 1 89 
306a 0. 1 353 0.0 166 2.5492 5. 7633 0.279 1 0.9714 
306b 0. 1 345 0 .01 16  2 .6397 5.3980 0.337 1 0.992 1 
306c 0. 144 1  0.0274 2.6075 6 . 1 373 0.6667 0.96 13  
307a 0. 1 338 nd 0. 1 623 5 .4390 0. 1 228 0.9620 
307b 0.0828 nd 0.2882 6.5787 0.0898 0.951 9 
307c 0.0752 nd 0.2275 6. 1 889 0.081 7 0.9645 
308a 0 . 1 753 nd 0.4901 4 . 1 080 0.0328 1 . 1 1 1 6 
308b 0. 1 738 0 .01 39 0.4906 4.4968 0.031 3 1 . 1272 
308c 0. 1 769 nd 0.5387 4.6655 nd 1 . 1 351  
309a 0. 1 570 nd 0. 1 569 3.4985 0.0866 1 . 1 224 
309b 0. 1 257 nd 0. 1 492 3.6695 0. 1 148 1 . 1 1 09 
309c 0. 1 256 nd 0. 0933 4.42 15  0.3802 1 . 1 030 
31 0a 0 . 1 738 nd 0. 1 863 5. 1 406 0.0081 1 .5040 
31 0b 0. 1 398 nd 0. 1 1 74 3. 9321 0.0725 1 .481 6  
31 0c 0. 1 648 nd 0. 1 399 4 .0456 0.0 1 96 1 .4883 
31 1 a  0 . 1 1 72 nd 0. 1 663 4.9407 0.0850 1 .0821 
31 1 b  0. 1 265 nd 0. 1 683 4 .01 1 0  0.0453 1 .0797 
31 1 c  0 . 1 140 nd 0. 1 640 4.2958 0 .042 1 1 .081 3 
312a 0. 0534 nd 0.0238 3 .7765 0.0373 0.7381 
31 2b 0.0599 nd 0. 1 569 5. 1 834 0.0365 0 .7889 
31 2c 0.061 1 nd 0.0533 3.2702 0.0073 0.7832 
31 3a 0.0642 nd 1 .0351 5.6472 0.2852 0 .7231 
31 3b 0 .051 9 nd 0.9570 4 .6258 0 .2072 0.6938 
31 3c 0.0552 nd 0. 9724 4 .6650 0. 1 892 0.6980 
314a 0 . 1 027 nd 0.6328 3.5468 0. 1 1 73 0.7797 
314b 0 .0721 nd 0 .6227 3.2552 0. 1 1 1 4 0. 7699 
314c 0.0727 nd 0.6 1 88 2 .9464 0 .071 2 0.7648 
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